Studies in humans and rodents suggest that colon inflammation promotes urinary bladder hypersensitivity and, conversely, that cystitis contributes to colon hypersensitivity, events referred to as cross-organ sensitization. To investigate a potential peripheral mechanism, we examined whether cystitis alters the sensitivity of pelvic nerve colorectal afferents. Male C57BL/6 mice were treated with cyclophosphamide (CYP) or saline, and the mechanosensitive properties of single afferent fibers innervating the colorectum were studied with an in vitro preparation. In addition, mechanosensitive receptive endings were exposed to an inflammatory soup (IS) to study sensitization. Urinary bladder mechanosensitive afferents were also tested. We found that baseline responses of stretch-sensitive colorectal afferents did not differ between treatment groups. Whereas IS excited a proportion of colorectal afferents CYP treatment did not alter the magnitude of this response. However, the number of stretch-sensitive fibers excited by IS was increased relative to saline-treated mice. Responses to IS were not altered by CYP treatment, but the proportion of IS-responsive fibers was increased relative to saline-treated mice. In bladder, IS application increased responses of muscular afferents to stretch, although no differences were detected between saline-and CYP-treated mice. In contrast, their chemosensitivity to IS was decreased in the CYP-treated group. Histological examination revealed no changes in colorectum and modest edema and infiltration in the urinary bladder of CYP-treated mice. In conclusion, CYP treatment increased mechanical sensitivity of colorectal muscular afferents and increased the proportion of chemosensitive colorectal afferents. These data support a peripheral contribution to cross-organ sensitization of pelvic organs. sensitization; pelvic nerve; bladder; colon; inflammatory soup THE REFERRAL OF VISCERAL PAIN to nonvisceral, somatic sites has long been appreciated and extensively documented (5, 15, 25) . In contrast, the relevance of viscero-visceral referral and sensitization (termed cross-organ sensitization) to visceral disease states has only recently received attention (7, 19, 38) and has been proposed as an important contributor to chronic pelvic pain (CPP; Refs. 38, 49, 55) .
THE REFERRAL OF VISCERAL PAIN to nonvisceral, somatic sites has long been appreciated and extensively documented (5, 15, 25) . In contrast, the relevance of viscero-visceral referral and sensitization (termed cross-organ sensitization) to visceral disease states has only recently received attention (7, 19, 38) and has been proposed as an important contributor to chronic pelvic pain (CPP; Refs. 38, 49, 55) .
Epidemiologic studies support the occurrence of cross-organ sensitization in humans. Thus patients with interstitial cystitis (IC) often present with concomitant chronic diseases, including irritable bowel syndrome (IBS) (2, 22) . Conversely, patients with IBS complain of genitourinary problems (2, 23, 62) and CPP (41) . Similarly, both acute (49) and chronic (8, 35) colorectal irritation in rodents induce urinary bladder overactivity, increased contraction frequencies, reduced intercontraction intervals (49) , and altered micturition reflexes (35) . Conversely, urinary bladder inflammation has been shown to increase responses to colorectal distension in rats (49) and mice (8) .
The mechanisms leading to cross-organ sensitization are poorly understood. Because second-order spinal neurons receive convergent input from different body targets, including visceral organs, it has been assumed that cross-organ sensitization arises by a central convergence-projection mechanism similar to that advanced for viscerosomatic referral and sensitization (15, 19, 25) . However, recent studies point to participation of peripheral mechanisms as well. For example, colorectal irritation in rodents increases urinary bladder afferent (50, 51) as well as detrusor activity (40) .
In contrast studies analyzing "bladder-to-colon" peripheral sensitization have not yet been conducted. Thus we examined here the effect of urinary bladder inflammation on single mechanosensitive colorectal afferent fibers. We hypothesized that the mechanosensitivity of colorectal afferents would be altered significantly by cystitis, and that they would exhibit greater sensitization when exposed to an acidic soup of inflammatory mediators.
MATERIALS AND METHODS
Male C57BL/6 mice (Taconic, Germantown, NJ; 7-8 wk old) were used in all experiments. All research protocols adhered to United States Public Health Service policies regarding the care and use of animals in research and were reviewed and approved by the Institutional Animal Care Use Committee of the University of Pittsburgh.
Cyclophosphamide treatment. In humans, the antineoplastic drug cyclophosphamide (CYP) can induce hemorrhagic cystitis, urgency, increased frequency, and pain (32) through its toxic metabolite, acrolein (16) . Accordingly, CYP (8, 10, 11, 36 ) and acrolein (6, 9, 37) have been used to induce bladder inflammation in rats (11, 36, 37 ) and mice (6, 8 -10) .
Mice were injected intraperitoneally on days 1, 3, and 5 with either saline (0.06 ml/g; n ϭ 16) or CYP (100 mg/kg; n ϭ 22) and killed on day 6 for recording of colorectal or bladder afferents or for histological evaluation/myeloperoxidase (MPO) assay.
Recording of single fibers. Mice were killed by CO2 inhalation (40 kPa), and the colorectum or bladder with associated neurovascular bundle containing the pelvic nerve (PN) was removed and transferred to ice-cold Krebs solution bubbled with carbogen (95% O2, 5% CO2) as described previously (12, 66) . The posterior wall of either the colorectum or bladder was opened along the longitudinal axis, pinned flat, mucosal side up, in one chamber of a two-chamber organ bath, and superfused with oxygenated Krebs solution (in mM: 117.9 NaCl, 4.7 KCl, 25 NaHCO3, 1.3 NaH2PO4, 1.2 MgSO4 ⅐ 7H2O, 2.5 CaCl2, 11.1 D-glucose, 2 butyrate, 20 acetate; at ϳ32°C). The PN was placed into an adjacent recording chamber filled with light paraffin oil. For the colorectum, the L-type calcium channel antagonist nifedipine (4 M; to block spontaneous muscle contractions) and the prostaglandin synthesis inhibitor indomethacin (3 M; to block synthesis of endogenous prostaglandins) were added to the Krebs solution perfusing the organ chamber.
Under a dissection microscope, the nerve sheath was carefully peeled back and the nerve trunk teased into 6 -12 bundles from which single fibers were recorded, typically after further splitting. If more than three units were present in a nerve filament, the filament was further divided so one to a maximum of three clearly discriminable units were present. Unit activity was differentially amplified (10,000ϫ), filtered (ϳ300-to 10,000-Hz band pass), sampled at 20 kHz with a 1401 interface (Cambridge Electronic Design, Cambridge, UK), and stored on a PC. The amplified signal was also used for online audio monitoring. Action potentials (APs) were viewed online, recorded, analyzed off-line with the Spike 2 wavemark function, and discriminated on the basis of distinguishable waveform, amplitude, and duration.
After 60 min of adaptation to bath conditions, recording was initiated. Mechanosensitive receptive fields were identified by systematically stroking the mucosal surface with a camel's hair brush and then tested with mechanical stimuli to enable classification as previously described (12): 1) mucosal stroking with calibrated polyethylene tubing (ϳ10-, 250-, 500-, and 1,000-mg force, each force applied 10 times, once per second) and 2) circumferential stretch. Stretch was achieved in two different ways: 1) by focal stimulation, using a cantilever system and two hooks made from bent dissection pins 2 mm apart, the latter attached to the tissue adjacent to the mechanosensitive receptive field, and adding different weights (1, 5, 10 and 15 g for 20 s with an interstimulus interval of 20 s) or 2) by utilizing a 22-mm-long, rigid plastic block in which hooks at 1-mm intervals were fixed. The hooks in this "stretcher block" were pinned along the full length of the anti-mesenteric edge of the colorectum, allowing for displacement that was precisely regulated by a servo-controlled force actuator (series 300B dual-mode servo system, Aurora Scientific, Toronto, ON, Canada). In this manner, and with the opposing edge of the colon firmly pinned to the silicon base of the organ bath, the full length of the dissected colorectum was stretched homogeneously in the circumferential (transverse) direction by a slow ramped force (from 0 to 170 mN at 5 mN/s). Circumferential stretch in this controlled manner allowed for the mathematical conversion into simulated intraluminal distension by using the following equation: pressure ϭ 2force/(LD), where L is the colon length and D is circumference. In this manner, we were able to convert the 0 -170 mN force into 0 -45 mmHg of simulated distension.
Chemical activation and sensitization were tested after baseline assessment of mechanosensitivity. This was done by using bronze square tubing (height 1 cm; inner measures 4ϫ4 mm; weight 0.5 g). Briefly, the smooth edges of the tubing were coated with petrolatum jelly and placed over the receptive field. In this way, the receptive field was enclosed and the contact force was minimized (less weight/ m 2 ), the Krebs solution was removed, and 100 l of an inflammatory soup (IS) was applied directly to the receptive field for 60 s (colorectum or bladder). Subsequently, the IS and the bronze tubing were removed and responses to stroke and stretch were tested 5 min later. As a control for the procedure, we tested some receptive fields after placing the tubing but without replacing the Krebs solution with IS and observed that the response to stretch was not different than when the fibers were tested with no ring at all (unpublished observations). The IS was prepared in aliquots of 20 l by combining bradykinin, serotonin, and histamine (in distilled water) with prostaglandin E2 (in dimethyl sulfoxide), frozen, and stored at Ϫ20°C. On the day of an experiment, an aliquot was diluted to the final concentration (5 M for all mediators) in freshly oxygenated Krebs solution. The pH of the IS was adjusted to be either neutral (7.4) or acidic (6.0) in different experiments.
Histology and MPO assay. Colorectum and bladder from naive (n ϭ 6) and saline (n ϭ 6)-and CYP (n ϭ 12)-treated mice were processed for histology and analysis of MPO activity. Pieces of the colorectum as well as one-half of the bladder were immediately placed in buffered 10% formalin and stored for 48 h before embedding in paraffin, sectioning at 4-to 10-m thickness, and staining with hematoxylin and eosin. Under a bright-field microscope, signs of edema, inflammatory infiltration, and hemorrhage were assessed in 6 -12 sections of both organs. Scoring was as previously described (60): 0 ϭ no edema; 1 ϭ edema limited to the submucosa, the width of which did not exceed the width of the detrusor; 2 ϭ edema present in the bladder wall but not the detrusor and the width of the submucosal region greater than, but less than twice than, the width of the detrusor; and 3 ϭ edema present in the bladder wall, possibly including occasional areas of the detrusor, and the width of the submucosal region greater than twice the width of the detrusor. Intermediate scores (0.5 points) were allowed whenever edema was focalized rather than generalized. Infiltration scores were determined as 0 ϭ no infiltration; 1 ϭ Ͻ5 inflammatory cells near blood vessels; 2 ϭ Ͼ5 inflammatory cells near blood vessels and spread through the organ; and 3 ϭ abundant conglomerates of inflammatory cells through the organ. An additional point was added if hemorrhage was present.
The remaining halves of bladder and colorectum were processed for MPO activity as an index of granulocyte infiltration as previously described (33) . Briefly, colorectum and bladder samples were cut in pieces, sonicated for 10 s, and homogenized in a solution of 0.5% hexadecyltrimethylammonium bromide dissolved in phosphate buffer solution (pH 6.0). The homogenized tissues were then freeze-thawed three times and centrifuged at 13,000 rpm for 5 min. Supernatants were added to a buffer supplemented with 1% hydrogen peroxide and o-dianisidine dihydrochloride solution. Optical density readings were taken for 1 min at 30-s intervals at 450 nm.
Data analysis. Responses to stroking were calculated as the mean number of spikes in the last 5 s of the 10-s stimulus duration. Responses to stretch were taken as the total number of spikes either in 20 s of stretch or during ramped stretch (presented in 15-mmHg bins: 0 -15, 16 -30, and 31-45 mmHg). Response threshold was determined as the force (converted to pressure) that elicited the first AP (no afferents were spontaneously active). Typically, one or two distinct fibers were recorded simultaneously. On average, three stretches (1 pre-and 2 post-IS) were conducted. In some cases, and for control purposes, stretch-sensitive fibers were challenged with several identical ramped stretches, and we observed that the firing properties were comparable. Responses to the IS are presented both as the average number of spikes during its application plus the following minute as well as the average number of spikes per 10-s bin. In addition, latency to the first AP after IS application and duration (time from the first to the last AP) were also determined. Studies of different fibers were separated by at least 30 min, with not less than a 40-min washout between successive applications of IS. Some mechanosensitive fibers, both sensitive and insensitive to IS, disappeared shortly after the removal of IS. These fibers were only included in the analysis of responses to the IS and were not included when comparing responses to stretch before and after the application of the IS.
Data are plotted throughout as means Ϯ SE. Data on stroke and stretch are normalized for each fiber to the maximum response to 1,000-mg stroking and 10-g or 31-to 45-mmHg stretch, respectively. Two-way analyses of variance (ANOVAs) were performed as appropriate with Prism 5 (GraphPad Software, San Diego, CA). Fisher's exact test as well as t-tests were used to analyze differences between fibers in saline-and CYP-treated groups exhibiting direct responses to IS. Differences were considered significant when P Ͻ 0.05.
Data on scores for bladder weight and histology are presented as the median and were statistically analyzed with Kruskal-Wallis and Dunn's multiple comparison tests between CYP-and saline-treated mice.
Bright-field photomicrographs of the urinary bladder and colorectum from naive, control, and CYP-treated mice were taken with a Retiga 2000R Fast CCD camera (Q-Imaging) attached to a Nikon E-600 microscope (Nikon, Tokyo, Japan).
RESULTS
In total, 88 colorectal and 20 urinary bladder mechanosensitive pelvic nerve fibers were studied. No significant differences were observed in the response of colorectal mucosal and muscular-mucosal fibers to mucosal stroking between salineand CYP-treated mice, either before or after the application of IS. Differences in the responsiveness of colorectal muscular fibers to circular stretch after the application of IS were apparent between saline-and CYP-treated mice. In addition, CYP-treated mice exhibited a greater proportion of IS-activated colorectal afferents than saline-treated mice.
Excitation of colorectal afferents by IS. Exposure to neutral (pH 7.4) or acidic (pH 6.0) IS evoked APs in a number of mechanosensitive colorectal fibers from both saline-and CYPtreated mice, revealing their chemosensitive nature (responsive fibers; Table 1 ). A greater proportion of stretch-sensitive chemosensitive fibers was present in CYP-than saline-treated mice, especially evident when receptive endings were exposed to acidic IS (pH 6.0) ( Table 1) . Fibers giving no direct response to the application of IS were also present in both experimental groups.
Analysis of response characteristics of individual colorectal afferents to IS, grouping them as stretch insensitive (mucosal and serosal) or stretch sensitive (muscular and muscular-mucosal), revealed no significant differences in the total number of APs during 60 s of IS application, latency to effect, or the duration of effect between saline-and CYP treated groups (Supplemental Table S1 ). 1 Responses of colorectal afferents to stretch. The basal responses (pre-IS) of muscular and muscular-mucosal fibers were not different between CYP-and saline-treated mice (Fig. 1) . Application of neutral IS (pH 7.4) did not significantly change their responsiveness to stretch (post-IS) in either saline-or CYP-treated mice (Table 1; Fig. 2, A and C) . In contrast, acidic IS (pH 6.0) resulted in significant increases in the response magnitude to stretch in both types of fibers in both saline-and CYP-treated groups (Table 1 ; Fig. 1, Fig. 2, B and D) . Moreover, the sensitization was greater in muscular afferents from CYP-relative to saline-treated mice (Fig. 2B) , also reflected by the significant decrease in response threshold after exposure to IS (Fig. 3) . No differences in magnitude (Fig. 2D ) or response threshold (Fig. 3) were observed in muscular-mucosal fibers in either treatment group.
Excitation of urinary bladder muscular afferents by IS. Only 13% (2 of 15) of urinary bladder muscular fibers tested in CYP-treated mice were excited during the application of acidic IS, compared with ϳ60% (3 of 5) of muscular fibers from saline-treated mice (Fisher's exact test, P ϭ 0.0726). Moreover, the group of IS-responsive fibers showed a tendency toward a reduced sensitivity in CYP-treated mice. The total number of APs was less (saline 80.0 Ϯ 34.4 vs. CYP 32.5 Ϯ 0.5; t-test, P Ͼ 0.3) and the latency (seconds) to effect longer (saline 15.5 Ϯ 7.1 vs. CYP 60.5 Ϯ 13.8; t-test, P Ͻ 0.05) in CYP-treated mice, supporting the impression of reduced sensitivity. Figure 4 summarizes the reduced responsiveness of urinary bladder muscular fibers in CYP-relative to saline-treated mice.
Responses of urinary bladder muscular afferents to stretch. The basal response to stretch of muscular afferents in the urinary bladder did not differ between saline-and CYP-treated mice. Responses of the same afferents were significantly greater after exposure to acidic IS (saline: F ϭ 5.021, P ϭ 0.0447; CYP: F ϭ 10.53, P ϭ 0.0019). However, there was no significant difference in the magnitude of sensitization between saline-and CYP-treated mice.
Histology and MPO analysis. No signs of edema were observed in the colorectum of either saline (Fig. 5, A-C )-or CYP (Fig. 5, D and E) -treated mice, and neither were distinguishable from naive mice (data not shown). In contrast, urinary bladders from CYP-treated mice showed variable edema ranging from moderate (Fig. 5, F and I) to minor (Fig.  5G ) and virtually absent (Fig. 5H) . Edema scores of the urinary bladder from naive and saline-and CYP-treated mice were 0.04, 0.0, and 0.76, respectively (Kruskal-Wallis test, P ϭ 0.0038). This was consistent with an increase in the percentage ratio of bladder to body weight from CYP-treated (0.15%) compared with naive (0.11%) and saline-treated (0.11%) mice (Kruskal-Wallis test, P ϭ 0.0017).
Only very low inflammatory cell infiltration and no signs of hemorrhage were detected in naive or saline-treated mice (data not shown). In CYP-treated mice, minor signs of inflammatory cell infiltration (Fig. 5I ) and hemorrhage were observed. Thus infiltration ϩ hemorrhage scores from naive and saline-and CYP-treated mice were 0.37, 0.33, and 0.58, respectively (Kruskal-Wallis test, P ϭ 0.2721). MPO activity was low in all experimental groups (in all cases, below 0.012 units of MPO/g of colon).
DISCUSSION
This study documents that CYP-induced cystitis results in sensitization of colorectal afferents, supporting previous reports of CYP-produced hypersensitivity to colorectal disten- 1 The online version of this article contains supplemental material. The proportion of inflammatory soup (IS)-responsive fibers was statistically analyzed with Fisher's exact test (*P Ͻ 0.01). IS-produced sensitization to stretch is represented qualitatively in last column: 7, no sensitization; 1, sensitization; CYP, cyclophosphamide; N/A, not applicable. See text for details. sion in rats (49) and mice (8) . The CYP treatment protocol we used produced only a mild bladder inflammation (not inconsistent with human interstitial cystitis/painful bladder syndrome) and no colorectal inflammation. Despite the modest bladder insult, mice treated with CYP exhibited 1) significant increases in response magnitude (i.e., sensitization) of both muscular and muscular-mucosal colorectal pelvic nerve afferents to stretch after exposure of their receptive endings to an acidic IS; 2) a significant decrease in response threshold of muscular afferents; and 3) recruitment of a greater proportion of muscular chemosensitive receptive endings.
We utilized a model of CYP-induced cystitis with the intention of developing a chronic, mild inflammation of the urinary bladder to study the potential occurrence of cross-organ (Note that A and C correspond to the focal stretching protocol and B and D to the homogeneous circumferential stretching protocol; see METHODS for details.) Basal stretch sensitivity of both types of fibers from saline-and CYP-treated mice were not significantly different, and data were thus normalized (1 ϭ response to maximum stretch) to facilitate comparisons between pre-and post-IS treatment. Application of neutral IS did not alter responses to stretch in either muscular (A) or muscularmucosal (C) fibers. In contrast, application of acidic IS sensitized responses to stretch in both muscular (B: saline F ϭ 12.57 and CYP F ϭ 15.11, P Ͻ 0.002 for both) and muscular-mucosal fibers (D: saline F ϭ 12.58 and CYP F ϭ 21.46, P Ͻ 0.003 for both). The effect of IS on stretch sensitivity of muscular fibers, but not muscular-mucosal fibers, was more pronounced in CYP-than salinetreated mice (B: F ϭ 4.314, *P ϭ 0.043). sensitization of the colorectum. We observed that, indeed, CYP treatment induces sensitization of colorectal afferent fibers, supporting the occurrence of cross-organ sensitization between this organ and the urinary bladder. Because CYP is a prodrug that is metabolized by the liver to produce the bladder irritant acrolein, which is responsible for the occurrence of cystitis both in rodents and humans (18, 32) , we interpret the present data as supporting cross-organ sensitization following bladder inflammation. Other reported adverse effects of CYP in mice are damage of hemopoietic and lymphoid organs (3, 21) , alopecia (30) , and, at high doses, lung and cardiac toxicity (21, 30) . No further evidence for alterations in other organs has been reported thus far. However, it could be hypothesized that CYP directly affects colorectal tissue and/or afferents when injected into the intraperitoneal cavity. We consider this to be unlikely; we found no histological or inflammatory changes in the colorectum of CYP-treated mice, suggesting the lack of a direct effect (or effect of acrolein) in the colon. Interestingly, C57BL/6 mice, the strain used in the present study, appear to be more resistant to the adverse effects of CYP/acrolein than other mouse strains (10, 20) . Collectively, the present and previous studies suggest that a direct effect of CYP on colorectal afferents is unlikely and that the sensitization of colorectal afferents likely derives from alterations induced by cystitis.
Under normal conditions, colon and bladder are functionally related (59) . Importantly, in pathological circumstances this association may underlie the occurrence of shared painful symptoms. In fact, cross-organ sensitization is evident in patients with IBS, who often exhibit signs of urinary bladder hypersensitivity: nocturia, frequency and urgency, incomplete bladder emptying, back pain, and, in women, dyspareunia (62) . Some of these clinical observations have been corroborated in rodents, where acute (49) or chronic (8, 35) colorectal irritation in mouse (49) and rat (35, 48) induces "colon-to-bladder" sensitization, with increased frequency of bladder contractions, reduced intercontraction intervals (49) , and altered micturition reflexes (35) .
Although human clinical and rodent behavioral evidence regarding cross-organ sensitization is abundant, the mechanisms by which colon and bladder sensory output interact in pathological situations remain unclear. Two basic hypotheses have been proposed: 1) sensitization of peripheral and/or central endings of sensory (afferent) neurons that may be associated with inflammatory changes in the organs themselves and 2) development of central sensitization of second-and higherorder neurons at different levels of the neuraxis.
The concept of peripherally initiated and maintained crossorgan sensitization between colorectum and urinary bladder has only recently been acknowledged. Thus Ustinova and colleagues (57) reported both increased spontaneous activity as well as augmented bladder afferent responses to distension and intravesical chemical stimulation in rats with acute colorectal inflammation. Conversely, in the present study we show that afferent fibers innervating the mouse colorectum become sen- Fig. 3 . Response thresholds of muscular and muscular-mucosal colorectal fibers from CYP-and saline-treated mice before (pre) and after (post) application of acidic IS. Response thresholds to stretch were extrapolated from the ramp stretch stimulus (see Fig. 1 ) and are reported as means Ϯ SE. *P Ͻ 0.05 vs. pre-IS. Fig. 4 . Responses of urinary bladder muscular afferents to a 60-s application of acidic IS (bin width ϭ 10 s). CYP treatment reduced the chemosensitivity of muscular bladder fibers (F ϭ 4.753, P ϭ 0.036), reflected by an increased latency to effect and a tendency toward a reduced number of action potentials evoked by the IS application. sitized during cystitis, supporting the observation of hypersensitivity to colorectal distension in CYP-treated mice (8) .
The fiber types involved in the bladder-to-colon sensitization presented here are stretch-sensitive colorectal muscular and muscular-mucosal fibers. These fibers were sensitized by acidic (but not neutral; Ref. 29 ) IS in both saline-and CYPtreated mice. However, only the muscular fibers exhibited greater sensitization in CYP-than in saline-treated mice, suggesting their prominent role in colorectal hypersensitivity evident during balloon distension (8) . In addition to changes in mechanosensitivity, we also noted that the proportion of stretch-sensitive colorectal afferents (muscular and muscularmucosal) that responded to application of IS to their receptive endings was significantly greater in CYP-than saline-treated mice. In contrast, the chemosensitivity of bladder afferents was decreased, consistent with previous reports showing that exposure of the urinary bladder to the toxic CYP metabolite acrolein affects afferents innervating the bladder, including capsaicinsensitive afferents (1, 37, 60) . Moreover, acrolein appears to contribute to the production of free radicals (6) and induces neurofilament-L aggregation (28) .
As mentioned above, we found that only acidic IS was able to induce mechanical sensitization in muscular and muscularmucosal fibers. Accordingly, in a previous study we found a synergistic interaction between low pH and the chemical components of IS because the use of neutral IS in wild-type mice, even though able to excite a proportion of colorectal afferent fibers, failed to induce mechanical sensitization of stretchsensitive fibers (29) . Interestingly, this occurrence suggests that protons, acting through receptors such as those belonging to the acid-sensing ion channel (ASIC) family, may be involved in cross-organ sensitization. In previous work from this laboratory, we have shown that the ASIC3 and TRPV1 channels have an important role in colon mechanosensation (29) . Using ASIC3-knockout mice, we showed that, although the loss of the acid-sensing channel does not affect the ability of acidic IS to excite colorectal primary afferents, it impairs its sensitizing effect on the response to mechanical stimulation of muscular and muscular-mucosal fibers. In other words, ASIC3 knockout mice exhibit reduced acidic IS-induced mechanical sensitization of muscular and muscular-mucosal afferent fibers than do wild-type mice (29) . The mechanism(s) by which ASIC3 channels, displaying the highest acid sensitivity (34), contribute to mechanical sensitization is not clearly understood (26, 61) . Further research, along with the development of ASIC agonists and antagonists with improved selectivity, will be necessary to elucidate the role of ASIC channels in colorectal mechanical sensitization and, potentially, in cross-organ sensitization.
Independent of the intracellular mechanisms involved in the sensitization of primary afferents during cross-organ sensitization, the question remains: How does referral of visceral sensation and cross-organ sensitization occur in the periphery? The principal mechanism advanced so far is based on what have been called dichotomizing fibers (i.e., sensory endings of a single neuron innervating two different tissues). Recent anatomical studies have described dichotomizing neurons innervating the urinary bladder and the colon in rat (16, 31, 40) and mouse (16) . In support, cultured lumbosacral bladder sensory neurons from rats with colitis exhibit increases in a capsaicin-produced inward current as well as in the peak amplitude of tetrodotoxin-resistant (TTX-R) Na ϩ currents (39) . Furthermore, upregulation of CGRP was observed in rat bladder sensory neurons after colorectal inflammation (50) . It is possible that similar mechanisms were involved in the bladder-to-colon cross talk, presumably leading to the sensitization of primary afferents reported here. However, despite their existence and supporting evidence reviewed above and elsewhere (13, 38) , the small number of dichotomizing neurons within the relatively low proportion of visceral sensory neurons raises a cautionary note about their role in cross-organ sensitization.
Alternatively, sensory neurons innervating different organs could be cross-sensitized in a number of additional ways that do not require dichotomizing fibers. Thus electrical and/or chemical coupling have been proposed as potential mechanisms of cross-excitation between neurons within the dorsal root ganglia or at the level of peripheral nerves (for reviews, see Refs. 13, 14, 42) . Similar mechanisms could contribute to cross talk between neighboring sensory neurons innervating different visceral organs.
It is also possible that organ inflammatory processes contribute to peripheral generation of cross-organ sensitization. For example, rats with chronic colitis exhibit an increase in urinary bladder mast cell density compared with control rats (58) . Acute signs of inflammation such as plasma extravasation have also been described in the bladder after colorectal or uterine inflammation (64) or experimental endometriosis, associated in the latter case with decreased micturition thresholds (43) . To the contrary, Foreman and colleagues (39, 52) found no detectable histological changes in the bladder wall of rats with chronic colitis. Likewise, we did not detect changes in histology or MPO activity, a marker for neutrophil infiltration and inflammation, in the colorectum of mice with cystitis. Interestingly, acute (but not chronic) colitis in rats was shown to alter the contractility of the detrusor in the absence of morphological changes or inflammatory infiltration of the bladder (47) . Differences in the outcomes of these studies may relate to methodological issues. However, the absence of histological changes in a cross-sensitized organ does not preclude functional alterations.
Central mechanisms also have been proposed to explain the occurrence of referral and cross-organ sensitization. In fact, organ insult not only leads to sensitization of the primary afferent input but also increases the excitability of second (and higher)-order central neurons, providing a central nervous system mechanistic explanation for cross-organ and cross-tissue referral and sensitization (24, 45, 65) . Accordingly, organ disease or experimental inflammation is viewed as increasing the excitability of spinal neurons, which is reflected by 1) increased responses to stimuli applied to non-diseased/inflamed tissues that provide convergent input onto the same spinal neuron and 2) an increase in the area of referred sensations by the same mechanism.
Because bladder and colon afferents project to the same spinal segments (thoracolumbar and lumbosacral) and often converge on the same spinal neurons (4, 44, 51) , the role of second-order neurons in viscero-visceral hypersensitivity has dominated thinking about central mechanisms of cross-organ sensitization. For example, colitis sensitizes lumbosacral spinal convergent neurons to distension of the urinary bladder (52) . Viscero-visceral convergence of bladder and colon inputs was also shown in Barrington's nucleus (the pontine micturition center), where neurons responding to distension of both organs were found (27, 53, 54) . Whether these or other brain stem neurons become cross-sensitized and contribute to sensitization of colon or bladder during disease or experimental insult of the neighboring organ remains to be elucidated.
Finally, the generation of antidromically produced dorsal root reflexes has been proposed as another central mechanism of organ cross-sensitization (63) .
In summary, we show that pelvic nerve colorectal and bladder afferents exhibit altered local sensory processing in mice with CYP-induced cystitis. Relative to saline-treated control mice, CYP-treated mice exhibit increases in mechanoand chemosensitivity of colorectal sensory afferents (i.e., sensitization). This sensitization arises in the absence of colorectal inflammation and only modest bladder inflammation and appears to contribute to the generation of cross-organ sensitization.
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